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ABSTRACT

Asexual spores of Auxarthron reticulatum were suspended in controls
of distilled water and physiological saline and in a 0.5% concentration
of several wetting agents including Tergitol 4, Nalquot, sodium lauryl
sulfate, dioctyl sodium sulfosuccinate, triethanolamine oleate and Roccal.
Suspensions were mixed by sonic and hand agitation. Viability of these
spores was completely inhibited by Roccal and markedly reduced by Nalquot
and dioctyl sodium sulfosuccinate. Spores suspended in sodium lauryl sul-
fate and triethanolamine oleate exhibited viabilities greater than those
of spores suspended in distilled water or physiological saline. The via-
bility (stimulation) of spores suspended in Tergitol 4 was increased
approximately tenfold over that of the controls.

Asexual spores of A. reticulatum, Malbranchea sp. and Coccidioides
immitis were suspended in various concentrations of Tergitol 4 (0.5% to
15%). A, reticulatum exhibited little reduction of viability at 0.5%,
1%, 1.5% and 57%. Some possible stimulation was observed at 2%; viability
was reduced approximately tenfold at 107 and 15%. Viability of spores
of Malbranchea sp. was shown to be higher in all concentrations of Tergi-
tol 4 than in distilled water and physiological saline, but the greater
viability was exhibited at the 127% and 157 concentrations. C. immitis
exhibited a reduction of viability of approximately 807 at the 1% and
1.5% concentrations and by nearly one hundredfold at the 5% concentration
of Tergitol 4. Complete inhibition was observed at concentrations greater
than 5%.

The use of appropriate concentrations of Tergitol 4 as a stimulator

in growth medium or as a collecting fluid additive for certain arthro-
aleuriosporous fungi is suggedted.
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I. INTRODUCTION

In preparing suspensions of fungus spores in water and various
other fluids, inadequate dispersion is often observed. In many
cases, dry harvested spores tend to rise to the liquid surface shortly
after the initial dispersion causing difficulties in dispensing, plat-
ing and counting of some colonies. Common fluids in the laboratory
that aid in spore dispersion (ethanol, acetone) are frequently delet-
erious to the spores even at low concentrations. Certain military
specifications advise the use of specific wetting agents such as
dioctyl sodium sulfosuccinate (0.005%) as a dispersing aid (1l)%*.

Among the fungi exhibiting flocculation and poor dispersing
characteristics in untreated fluids are the arthroaleuriospore-formers;
Gymnoascaceae, species of Malbranchea and Coccidioides immitis.
"Arthroaleuriospore' is a term coined by Orr et al. (2) for those
\ spores that resemble arthorspores but which are formed and released by
! a process similar to that of aleuriospores.

This study was undertaken to provide information regarding effects
of certain wetting agents on spore dispersion that may improve certain
i phases of quantitative laboratory work.

* Literature cited.




II. MATERIALS AND METHODS

Fungi utilized in this study were grown on Sabouraud's Glucose
Agar fortified - SAB-PSA2 (3) at 30°C for 45-60 days or until dry,
harvested by a vacuum-type harvester and stored in sterile 4-oz screw-
capped jars at 4 °C until required.

TREATMENT #1:

a. Dry harvested arthroaleuriospores (0.1 gm) of Auxarthron
reticulatum (Strain 0-1020, isolated from wood, southern California)
was added to 9.9 ml of each of the following solutions prepared in
duplicate; Control #1 - distilled water, Control #2 - physiological
saline (0.85% NaCl) and 0.5% solutions of Tergitol 4 Anionic (Union
Carbide Co.), Nalquot (source unknown), dioctyl sodium sulfosuccinate-
DSS (Aerosol - OT, Van Waters & Rogers), Sodium lauryl sulfate-SLS
(Fisher Scientific Co.). Triethanolamine oleate - TEA (Chemical
Division, Deseret Test Center) and Roccal (Winthrop Laboratories).

b. One set of tubes of the above spore suspensions was shaken
by tapping the tube against the side of the hand for 10-15 minutes
or until visible clumps were disintegrated.

c. The other set of tubes of the spore suspensions was placed
in a water bath and agitated by a sonic vibrator (Branson Instruments
Inc.) for 10-15 minutes.

d. Each suspension was examined macroscopically and microscopic-
ally and arthroaleuriospores were counted using a hemacytometer.

e. All suspensions were plated in duplicate per standard labor-

atory methods (DPC SOP #8) on SAB-PSA® (3), incubated at 30°C for
4-6 days, and colonies of A. reticulatum were counted and recorded.

TREATMENT #2:

a. Dry harvested arthroaleuriospores (0.1 gm) of A. reticulatum
(Stain 0-1020), Malbranchea sp. (Strain 0-837, isolated from coyote
dung, southern California) and Coccidioides immitis (Strain SD-1,
isolated from soil, San Diego County, California) were suspended in
sterile distilled water and various concentrations (0.5 - 15%) of
Tergitol 4. A. reticulatum and Malbranchea sp. were also suspended
in physiological saline. All suspensions were mixed for 5-10
minutes on a Vortex-type mixer.




b. Each suspension was diluted serially to 10’10, plated in
duplicate per standard laboratory methods on SAB-PSA2. Plates
were incubated at 30°C for 4-8 days; colonies of the specific fungi
were counted and recorded.

Four or more trials were done for each of the three fungi.




III., RESULTS AND DISCUSSION

Flocculation and poor dispersal of arthroaleuriospores in fluids
may result because of air trappage in the remnants of the connective
cell between them or at the base of a terminal spore (Figs. 1, 2, 3,
4). Air becoming trapped in the skirt-like projection at either end
of the arthroaleuriospore would thus force it to the surface of the
fluid after initial dispersion efforts. The spore wall is apparently
impervious to liquid water, but not to gaseous water since these spores
tend to swell somewhat prior to germination in a humid atmosphere.
Possibly, these 'skirted" ends act aerodynamically in dispersion under
natural conditions permitting the spore to travel end-over-end through
the air,.

Macroscopically, Tergitol 4, Nalquot, SLS, TEA and Roccal provided
about equal dispersion by hend agitation; DSS was somewhat poorer.
Spore material in the control fluids (distilled water and physiological
saline) tended to surface rapidly with but little of the material remain-
ing in suspension. Spores in the wetting agents tested demonstrated
improved dispersion after sonic agitation, although spores in distilled
water and physiological saline exhibited little, if any, improvement in
dispersion.

Spore suspensions were also exawined microscopically after sonic
agitietion. Tergitol 4, Nalquot, and SLS appeared to be about equal
in dispersion ability. Suspensions in Roccal aiid DSS were somewhat
cloudy and created some difficulty in counting. Spores suspended in
TEA were less well dispersed and this material was unsatisfactory for
counting because of the presence of numerous large oil drops. Hand
agitation generally provided considerably less dispersion of the
spores, except in SLS.

That the use of wetting agents aided dispersion of the spores is
evident in the physical counts (Table I), all of which were approximate-
ly tenfold higher than either of the controls. Sonic agitation counts
wvere also generally higher than counts from suspensions agitated by
hand except those in physiological saline which were only slightly
lower. In distilled water, TEA and SLS, physical counts of spores were
nearly the same by either method of agitation. In Tergitol 4, Nalquot
and Roccal, physical counts of spores by hemacytometer were from two
to approximately four times higher by sonic agitation than those counts
obtained from hand agitation.

Viability of the arthrcaleuriospores was markedly reduced by Nalquot
and DSS (Table I) and was completely inhibited by Roccal. Apparently,
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concentrations of DSS higher than that specified (0.005%) by the
military specifications (1) for wetting fungus spores in suspension
is deleterious. The efficiency of Roccal as a decontaminating agent
is supported in this work.

The greatest viability count of all wetting agents tested was
exhibited by spores in Tergitol 4 which was approximately three times
greater than that shown by SLS and TEA; and nearly ten times greater
than that exhibited by spores in distilled water and physiological
saline. However, spores suspended in distilled water and physiological
saline exhibited greater perceént viability (46.2% and 39.67% by sonic
agitation and 64.07% and 56.47% by hand agitation respectively) with
respect to their physical counts (Table II). The latter fluids, however,
provided less satisfactory dispersing properties to the spores than did
the wetting agents. Reduced viability, in part, may have resulted trom
the spore harvesting technique and storage.

Viability counts of spores under hand agitation in distilled water
and physiological saline were greater than those under sonic agitation.
Possible harmful effects might occur if sonic agitation was prolonged.
Little significant difference was observed, however, between viability
counts of spores agitated by either method in SLC or DSS. That hand -
agitation would be less deleterious to spores would be compensated for '
by the greatly improved dispersion in wetting agents, especially ;
Tergitol 4. i

The three arthroaleuriosporous fungi utilized in Treatment #2
presented some difficulties in counting due to size, coloration and
shape (1.2 - 4.8 x 2.8 - 8.2 microns, hyaline to very pale yellow when
viewed singly, cylindrical to more or less barrel-shaped), especially
when observed in groups. Physical counts were found to be quite
variable and often less than the viability counts. Although dispersion
was good, especially in Tergitol 4, visual counting was considered in-
adequate. Vortex-type agitation appeared to be quite satisfactory.

e et S o R

Spores of A. reticulatum demonstrated lower viability in physio-
logical saline than in distilled water by approximately three times
in Treatment #2 (Table II1I) differing from the same material in Treat-
ment #1. The reason for this difference is unknown. Figures given
(Table I11) are averages of four or more trials. Considerable varia-
tion of viability counts was demonstrated between 0.5% and 5.07%,
concentrations of Tergitol 4, with some slight stimulation at the 2.0%
level. Decreases in viability were observed only at the 10% and 15%
levels (approximately ten-fold). It appears that Tergitol 4 has but
little effect on the viability of spores of A. reticulatum at most con-
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centrations used. Perhaps this wetting agent could be utilized in
conjunction with a growth medium as a stimulator.

Malbranchea sp. exhibited a different aspect in that the great-
est viability of spores was demonstrated at the highest concentrations
of Tergitol 4, 127 and 15%; and less stimulation was observed at the
lowest concentrations, 0.5% and 1.0% (Table III). Viabilities of
spores were equal in distilled water and physiological saline, but
were lower in these two fluids than in all concentrations of Tergitol
4. This findin3 suggests that Tergitol 4 is stimulatory to the spores
of this species of Malbranchea. However, viabiiity of the spores of
- this -organism was ten-to a thousand-fold less under all conditions
than that demonstrated by the spores of A. reticulatum. Possibly, the
spore harvesting procedure was more severe for this Malbranchea sp.
than for A. reticulatum.

Not only was viability even more reduced for spores of C. immitis
than for the other two fungus species, but Tergitol 4 was apparently
inhibitory at concentrations above 5%; complete inhibition occurring
at 10% and 15%. (Table III). Viability of the spores at the 0.5%,
1.5% and 5.07% levels of Tergitol 4 was considerably less (eight to 3
fifteen times) thsn that of the control in distilled water. Not only
the spore harvesting technique, but the stringent safety procedures
required may have caused a reduction in the viability of the spores
of C. immitis.

Physiological saline was not utilized in Treatment #2 for C.
immitis because of the work done by Friedman et al. (4) who suspended
arthroaleuriospores of C. immitis in brine at 4°C and at room temper-
ature. No loss in viability was demonstrated for at least thirty days.
Other studies regarding little viability loss or only slow decreases in
viability of spores of C. immitis over prolonged periods include those
of Elconin et al. (5) and Orr et al. (6).

Since the asexual spores (arthoaleuriospores) of species of
Malbranchea, Auxarthron reticulatum and other species of the Gymno-
ascaceae are similar to those produced by Coccidioides immitis (fungal
agent causing 'Valley Fever') and because of restrictions recently
placed on the testing of pathogens, the fungus specimens named above
might be considered as potential simulant candidates for C. immitis.
Simulants of this sort could provide necessary information for the
determination of cloud behavior under various sets of conditions which
could then be applied to probable behavior of C. immitis under similar
conditions. Should such species as those studied in this work become
considered as candidate simulants, addition of appropriate concentra-
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tions of Tergitol 4 might provide an improved growth medium, used

as a stimulatory additive or as a portion of a collecting fluid.
Although foaming would probably occur in impinger samplers containing
Tergitol 4, appropriate antifoam agents could be utilized. Improve-
ments in dispersion of collected spores by this wetting agent might
provide more reliable quantitative data.
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IV. SUMMARY

X‘Asexual spores of Auxarthron reticulatum were suspended in
distilled water, physiological saline and a 0.5% concentration of
several wetting agents and mixed,by sonic and hand agitation. Wetting
agents included Tergitol 4, Nalquot, sodium lauryl sulfate, dioctyl
v §odium sulfosuccinate, triethanolamine oleate and Roccal. Viability

o% these- spores was completely inhibited by Roccal and markedly reduced
by Nalquot and dioctyl sodium sulfosuccinate. Spores suspended in sodium
lauryl sulfate and triethanolamine oleate exhibited viabilities greater
than those of spores suspended in;distilled water and physiological
saline. Increased viability (stimulation) was demonstrated by spores
suspended in Tetgitol 4 (approximateliﬁé?ven times) greater). Spores
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Asexual spores of Auxarthron reticulatum, Maléiancheq)sp and
Coccidioides immitis were suspended in various$concentrations of Tergitol
4 (0.5% - 15.07%) > A. reticulatum exhibited little reduction of viability
at 0.5%, 1.0%, 1.5% and 5.0%. Some possible stimulation was observed at

the 2.0% level; viability was reduced approximately tenfold at 12% and /5 9.

€15%. Viability of spores of Malbranchea sp. was found to be higher in-

21 all concentrations of Tergitol 4 than in distilled water and physiologi-
cal saline, but the! greatest stimulatory effect ‘was exhibited at the 12%
and 15% levels. Spores of C. immitis exhibited a viability reduction by
approximately 807 at the 1.0% and 1.5% levels and,by nearly one hundred-
fold at the 5.0% level. - Complete inhibitionywas observed.at all concen-
trations above 5%. < g Dl

The‘use of appropriate levels of Tergitol 4 as a stimulatory addit-

ive 4a growth media or collection fluid>is suggested. <Z
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TABLE I

DISPERSION AND TOXICITY OF A 0.5} CONCENTRATION OF SEVERAL

WETITING AGENTS ON ARTHROALEURIOSPORZS OF AUXARTHRON RETICULATUM

vetting Agent Physical Counts Viability Counts
(x 109 particles/gm) (x 109 particles/gm)
Sonic Hand Sonic Hand
Agitation Agitation Agitation Agitation
DHOH (Control #1) 6.5 5.0 3.0 3.2
PS (Control #2) 5.3 7.8 2.1 L.b
; TER 62.0 39.0° 23.0 95.0%
] ) N 67.0 37.0 0.0068  0.021
: DSS 68.0 18.0 0.0022 0.0065
SLS 54,0 50.0 9.3 9.2
' TEA L1.0 37.0 9.6 9.2
ROC 61.0 35.0 0.0 0.0
] * |

Possible miscount of particles prior to viability check. |
Compare with both counts from sonic agitation. |

DHOH Distilled water

PS Physiological saline
TER Tergitol

NQ Nalquot

D8S  Dioctyl sodium sulfosuccinate 1
S8LS Sodium lauryl sulfate
TEA Triethanolamine oleate
ROC  Roccal |




TABLE II
COMPARISON OF VIABILITY (PERCENT) TO PHYSICAL COUNTS OF A 0.5% i
CONCENTRATION OF SEVERAL WETTING AGENTS ON ARTHROALEURIOSPORES OF

AUXARTHRON RETICULATUM

WETTING SONIC HAND
AGENT AGITATION AGITATION |
HOH (Control #1) u6.2 64.0 |
PS (Control #2) 39.6 56.4
TER 37.1 306.0%
; }‘ ) 0.01 0.06 i
: DSS 0.03 0.0k ;
: SLS 17.2 18.4
1 TEA 23.4 k.9 ﬂ 3
ROC 0.0 0.0

* Probable miscount of particles physically.

LEGEND: See Table I
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EXPLANATION OF FIGURES

Photomicrograph of arthroaleuriospores of Coccidioides
immitis stained by methylene blue. Note the more or less
barrel-like shapes and the empty connective cells. A loose
arthroaleuriospore is visible at the lower left of the main
chain. The'skirt-like" remainder of the connective cell is
visible on two of the arthroaleuriospores. Original magni-
fication - 1000x.

Diagramatic sketch of the same arthroaleuriospore chain.
a. A terminal arthroaleuriospore.

b. Empty connective cell.

c. Intercalary arthroaleuriospore.

d. Thickened surface interior of primary spore wall.

Diagramatic sketch of a terminal arthroaleuriospore. This
spore cannot be distinguished from a normal aleuriospore.
a. Primary spore wall, exterior.

b. Thickened interior surface of the primary spore wall.

c. Primary spore wall of connective cell remaining as a
"gkiyt-like protuberance.

d. Open end of "skirt" that can trap air when in suspension
in fluids or possibly act aerodynamically under natural
conditions.

Diagramatic sketch of a typical arthroaleuriospore. Note

the "skirt" at either end.
a, d. Primary wall of empty intercalary connective cells.

b, e. Open end of "skirts" that permit trapping of air in
fluids and possibly behave aerodynamically under natural

conditions.
c. Reproductive or germinative portion of arthroaleuriospore.
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Fig. 2

Fig. 4
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